STRATEGIC
OBJECTIVE

To Preempt Cancer at Every Opportunity

Understand the Causes and Mechanisms of Cancer

We will conduct and support basic, clinical, and population research to gain a more complete under-
standing of the genetic, epigenetic’, environmental, behavioral, and sociocultural determinants of cancer
and the biological mechanisms underlying cancer resistance, susceptibility, initiation, regression,

progression, and recurrence.

Cancer is a complex set of diseases that must be understood from multiple perspectives.
Research that improves our understanding of its causes and mechanisms—from assessing
cancer risk to elucidating the process of metastasis—is essential to our ability to develop
and apply interventions to preempt cancer initiation and progression. NCI’s plan for deci-
phering the causes and mechanisms of cancer includes continued support of consortial
studies in molecular epidemiology to assess complex risk factors, research on the tumor
macroenvironment and microenvironment, research on the role of altered gene expression
in cancer progression, and characterization of the roles of susceptibility genes in cancer risk
and initiation. We will continue to foster a systems approach to cancer research, apply
advanced technologies in diverse research settings, and elucidate the relationship between
cancer and other diseases. We will continue to support both investigator-initiated research
and large, directed interdisciplinary and multidisciplinary programs as a comprehensive
strategy to unravel the components and complexities of multiple risk factors for cancer,
understand specific types of cancer based on their molecular characteristics, and develop
rationally designed interventions to prevent, detect, diagnose, and treat cancer and to

predict patient response to therapy.

' Pertaining to the approximately stepwise process by which genetic information, as modified by environmental influences, is translated

into the substance and behavior of an organism.
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STRATEGY 1.1— Gain a full understanding of genetic susceptibility and cancer causation.

New approaches to genetic profiling are revealing a complex spectrum of cancer related

genetic variation among individuals, ranging from highly penetrant but uncommon alleles

to common polymorphisms that exert subtle but key effects. NCI will:

> Support initiatives to investigate the underlying basis of the full spectrum of genetic
susceptibility to cancer.

> Sustain investigations of individuals with known mutations in high penetrance cancer
susceptibility genes to uncover the earliest molecular aberrations underlying the
carcinogenic process.

> Continue studies of cancer prone families that carry susceptibility genes known to increase
the risk of developing related tumors, such as breast, ovarian, and endometrial tumors.
This research will reveal how abnormalities in cancer susceptibility genes lead to varying
cancer outcomes.

> Support comparison of biomarker panels across various malignancies to characterize the
role of mutations of any penetrance in common critical pathways, such as those associated
with inflammation, repair, immunity, growth, obesity, and metabolism.

> Facilitate the use of whole genome scans in population studies to identify lower penetrance
cancer susceptibility genes that contribute to cancer development through their interaction

with environmental factors and other genes.

Taken together, this research will generate unprecedented volumes of data for the molecular
characterization of tumors, the identification of molecular predictors of cancer, and the
characterization of fundamental similarities among malignancies. Analysis of this data will
lead to the identification of molecular targets for cancer prevention and early detection, and

the development of patient-specific approaches to cancer prognosis and treatment.
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STRATEGY 1.2 — Identify and characterize the The tumor macroenvironment (organism
influence of the macroenvironment on the chain level) includes physical elements and
of events that leads to cancer and its recurrence. infectious, drug, and other chemical

) . agents to which people are exposed.
Because the influence of the macroenvironment on o _ _
o ) It is influenced by behavioral, lifestyle,
cancer is inherently complex, research to characterize .

economic, and cultural factors such as

that influence must be varied and multidisciplinary diet, physical activity, tobacco use, and

and include initiatives to handle the collection, storage,

reproductive history and behaviors.
and analysis of complex data. NCI will:

> Foster the development of shared, investigator-accessible data systems that integrate
patient and population data from multiple case-control and cohort studies. These systems
will enable researchers to investigate the roles of macroenvironmental, genetic, and other
personal susceptibility factors in modulating cancer risk.

> Support the statistical and methodologic research needed to assess and quantify macroen-
vironmental exposures such as dietary intake and physical activity and their impact on
cancer risk, contribution to the cancer burden, development and evaluation of health
policies, prevention and screening interventions, and communication of risk factors to
the general public, health providers, and policy makers.

> Advance preclinical and clinical studies to improve our understanding of the biological
and molecular basis of macroenvironmental exposures on cancer development or preven-
tion. We will apply this knowledge to identify biomarkers of harmful exposures or early
tissue damage that will improve early detection of cancer.

> Support integrated transdisciplinary research to determine the impact of various genetic,
behavioral, and sociological factors on health behaviors, health policy development,
and other influences on the equitable delivery of care and health-related societal trends.

> Foster dissemination of evidence-based approaches for reducing exposure to harmful
macroenvironmental agents and promoting adoption of healthful behaviors to individuals,

communities, and populations.

These investments will improve our understanding of the role of lifestyle and environment
in carcinogenesis, identify the specific physiological mechanisms at work, and elucidate the
interaction of the macroenvironment with personal susceptibility factors such as genetic
background. This information will be critical in developing interventions for the prevention,

early detection, diagnosis, and treatment of cancer patients and survivors.
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STRATEGY 1.3—Increase our understanding of the
behavioral, environmental, genetic, and epigenetic
causes of cancer and their interactions.

A firm understanding of the underlying causes of
cancer incidence, suffering, and mortality is funda-
mental to the development and delivery of effective
public health and medical interventions. Reaching these
insights will require large-scale consortial studies to
assess the impact of potential behavioral, sociocultural,

environmental, epigenetic, and genetic cancer risk

factors and their interactions, products, and effects

in human populations. NCI will support large-scale epidemiologic consortial studies that

complement the work of independent investigators and provide sufficient statistical power

and scientific expertise to rapidly generate and conclusively answer relevant questions.

These transdisciplinary and translational studies will be capable of incorporating emerging

models, technologies, and informatics strategies to obtain, organize, and integrate substantial

amounts of highly complex data. We will:

> Facilitate the collaboration of clinical and epidemiologic researchers with one another and
with scientists in molecular, genomic, and other high-throughput technologies to conduct
cohort, case-control and family-based studies.

> Support the development of study designs, approaches, themes, and organizations to
address differences in cancer occurrence and its consequences among all populations.

> Facilitate study design standardization to allow data compilation, analysis, and sharing

across the research community.
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> Develop the flexible mechanisms and infrastructure for providing scientific input,
oversight, and support that will make these large-scale enterprises possible within a cost-

effective framework.

> Foster the dissemination of the results of studies on the demographic, environmental,
and genetic causes of cancer to provide the evidence base for public health and

medical interventions.

The knowledge gained through these studies will be particularly useful in elucidating the
underlying reasons for racial, ethnic, geographic, and international differences in risks,

multigenerational factors, and the etiology of understudied malignancies.

Strategic Partnerships Advance Studies in Molecular Epidemiology

Powerful new tools generated by recent advances in genomics and the molecular sciences have
provided an unparalleled opportunity for scientists to accelerate knowledge about the genetic and
environmental components of cancer initiation and progression through studies in molecular epi-
demiology. Strategic partnerships link epidemiologists with one another and with genomicists and
other investigators from the clinical, basic, and population sciences to complement the traditional
research model based on individual investigators or independent groups. This approach is speeding
the discovery of causal agents and pathways, early detection markers, and interventions designed
to prevent and control cancer. Strategic partnerships can build the synergy to respond to a growing
consensus in the scientific community that the full potential of genomic and other emerging tech-
nologies will require large-scale consortial studies. These studies have the efficiency and power to
identify common low-penetrant susceptibility genes and related gene-gene and gene-environment
interactions. One such partnership is the Consortium of Cohorts, an international collaboration
of investigators responsible for 23 independently funded population cohorts involving 1.2 million
individuals. Other consortia are investigating family-based data and less common cancers that
cannot be easily evaluated in traditional studies.
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STRATEGY 1.4 —Identify and characterize the The microenvironment (tissue level)
influence of the microenvironment on the is composed of stromal cells, the

chain of events that leads to cancer initiation extracellular matrix, growth factors,

and progression and other proteins produced locally

and systemically. It plays a critical

The microenvironment plays a critical role in cancer : B .
role in tumor initiation and progression

initiation and progression and may be an important .
prog y p and can limit the access of treatment

factor in prevention and treatment intervention devel- to the tumor, alter drug metabolism,

opment. NCI will develop initiatives to investigate contribute to the development of drug

the microenvironmel’lt Of dlffCI‘CIlt tumor tprS, SuCh resistance' and Otherv\nse inﬂuence

as colon, brain, prostate, breast, and lung. We will: clinical outcome.

> Support research to investigate stromal cells in the tumor microenvironment as potential
targets for cancer prevention and treatment interventions. This research will clarify the
precise nature of normal stromal cells and seek to understand how stromal cells are altered
during tumor progression and reciprocally influence tumor initiation and progression.

> Advance studies to identify alterations in other components of the tumor microenviron-
ment that are critical in development of the malignant phenotype.

> Support research to identify tumor stem cells and characterize the interactions between
these cells and stromal cells.

> Continue investigations to describe the role of inflammatory and immune cells in tumor
initiation and progression.

> Foster development of novel technologies and model systems for better understanding

the tumor microenvironment and for developing tissue- or cell-specific targeting agents.

These investments will improve our understanding of the tumor microenvironment and
permit the development of effective therapeutics associated with minimal drug resistance,
diagnostic tests that assess the state of the microenvironment, and novel interventions for

cancer pI‘CVCl’ltiOl’l.
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Integrative Cancer Biology Promises New Leads for
Prevention, Detection, Diagnosis, and Treatment

An integrative approach to cancer research that combines multiple disciplines and taps the best
available resources is essential. Studies in molecular epidemiology identify the multiple and com-
plex causes of cancer. Integrative cancer biology elucidates the dynamic and spatial interactions
among molecules in a cell, among cells, between cells and their microenvironment, and between
the organism and its macroenvironment, and considers differences in patient response to disease
and treatment caused by individual genetic variation. These interactions are potential targets for
new and more rationally designed interventions to prevent, detect, diagnose, and treat cancer.

Scientists know that a cell becomes malignant as a result of changes to its genetic material and
that accompanying biological characteristics of the cell and its surrounding microenvironment also
change. Genetic mutations in an evolving cancer cell result in proteins that do not function correctly.
These dysfunctional proteins disrupt the intricately balanced molecular communication networks
of the cell. Using data derived from research on the tumor micro- and macroenvironments, scientists
will create computational models of these complex networks to help develop new ways to preempt
the development and progression of cancer. New NCI-supported Integrative Cancer Biology
Programs have already begun the development of reliably predictive computational models of cancer
initiation, promotion, and progression; the integration of experimental and computational approaches
for understanding cancer biology; and the support of integrative cancer biology as a distinct field.
In addition, researchers continue to develop animal models that mimic the development of cancer
in humans and powerful tools for imaging molecular interactions, integrating large datasets, and
validating computational models.
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STRATEGY 1.5 — Use an integrative approach to gain a comprehensive understanding
of the mechanisms of cancer initiation and progression and their implications for
diagnosis and treatment.

Cancer remains one of the most complicated and difficult diseases to diagnose and manage.

A systems approach is needed to both integrate information and data and meld the cultures

and disciplines needed in this enterprise. NCI will support a broad set of interactions and

efforts, both within NCI and across the scientific community, to develop an integrative

approach to understanding cancer. We will:

> Build critical working connections among various
disciplines including the traditional basic, clinical,
and epidemiologic research communities and fields
as disparate as computational science, physics, engi-
neering, mathematics, and systems design.

> Support the generation, integration, and analysis of the
vast amounts of biological information prerequisite
to this research approach.

> Support development of analytic approaches that
use nanotechnology and other advanced technologies
to improve quantitative measurement of both tradi-
tional and new parameters, ranging from the single
cell to the population level.

> Encourage application of integrative cancer biology

to various programs within NCI to begin to unite

and leverage this approach to cancer research.

Once this higher order systems understanding is achieved, it can be used in numerous ways
in pursuit of rational treatment design. The full circle of investigation will involve synthetic

biology to generate new approaches and agents based on cancer cell design principles.
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Diverse Technologies Support Research into the Causes and Mechanisms of Cancer

Advanced technologies are pivotal in identifying the complexities of cancer susceptibility, initiation,

and progression.

> Genetic and protein microarray analysis, nanotechnology, molecular imaging, and high throughput
screening are helping scientists to identify many of the complex cellular mechanisms responsible
for cancer.

> Tissue and animal models, laser capture microdissection, molecular profiling, molecular imaging,
nanotechnology, and computational modeling are aiding our understanding of the interaction
of cancer cells with the host microenvironment.

> Advanced genomic technologies, including population level genetic screening, whole genome
scans, and high throughput screening are allowing us to identify genetic variations that make
certain individuals more vulnerable to specific environmental carcinogens.

> Advanced statistical techniques assist scientists in analyzing the impact of the macroenvironment
on cancer. Assays for biomarkers, for example, are used in research to assess the contribution
of dietary factors and other environmental exposures on cancer risk.

> Nanotechnology-based probes used to image molecular pathways of cancer will allow detection
of early disease and non-invasive monitoring of interventions. Other advances in nanotechnology
will facilitate /n vivo monitoring of individuals at risk for cancer and patients with disease.

> Bioinformatics platforms are central to applying the full potential of advanced technologies to
invigorate cancer research.
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STRATEGY 1.6 —Develop and utilize emerging technologies to expand our knowledge
of the risk factors and biologic mechanisms of cancer.

It is critical that emerging technologies for enabling comprehensive molecular analysis of

tumors are used effectively to gain a better understanding of the causes and mechanisms

of cancer and to produce more effective interventions to preempt cancer before it becomes

a life threatening disease. Applying technologies such as high-throughput genotyping,

genomics, proteomics, molecular imaging, and nanotechnology in a standardized manner

will be necessary to generate data that are consistent and comparable. NCI will:

> Facilitate development of standardized methodologies and robust, validated approaches
for analyzing and reporting data.

> Support the development of standards for evaluating the performance of multiple technology

platforms. This will include:

* Creating dedicated centers and consortia to facilitate a multidisciplinary team approach
for applying these technologies to meet specific scientific needs with minimal infra-
structure duplication.

* Supporting development of an informatics infrastructure for these centers to ensure that
the data are analyzed consistently and are easily available to the cancer research community.

* Supporting cancer molecular profiling projects and ensuring rapid dissemination of the
data generated.

> Emphasize development of data-related protocols and standards for dissemination to the
broader research community.
> Apply the data generated from this research to inform molecular imaging and nanotech-

nology development.

By maximizing the use of emerging technologies, we will be able to develop interventions to

identify individuals at risk for cancer, detect early-stage disease, and improve patient management.
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Highly Lethal Cancers Are Still a Mystery

While we have made great strides in improving the odds for some cancers, others are still largely
mysterious to scientists. In 2005, about 32,180 people in the United States will be diagnosed with
pancreatic cancer. There will be about 14,520 new cases of esophageal cancer, and an expected
17,550 people will be told they have liver cancer. These are highly lethal diseases with poor five-
year survival rates.

Epidemiologists have already identified several risk factors in common for these three cancers,
including chronic inflammation, tobacco and alcohol use, and obesity. However, the relative rarity
and high lethality of these cancers make it difficult to conduct the large population studies needed
to draw valid statistical conclusions about the roles of genetic, environmental, and lifestyle factors
in their initiation and progression. In contrast, it is not unusual for population studies of breast or
prostate cancer to enroll tens of thousands of participants. NCI will work to address the challenge
of relatively low numbers of patients with highly lethal cancers by developing a consortium of
investigators to pool the resources of multiple institutions to conduct epidemiological studies of these
groups. Through the collection, storage, management, and sharing of data for a large numbers of cases,
investigators will be able to amass enough knowledge to evaluate the possible combinations of genetic,
environmental, and lifestyle factors—from molecular to behavioral—that are causing these cancers.
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STRATEGY 1.7 — Elucidate the relationship between
cancer and other human diseases.

The success of early intervention in the cancer process
will depend on developing a clearer appreciation and
understanding of the interface between cancer and
other diseases. For example, researchers have shown
associations between cancer predisposition and
hepatitis B virus, HIV, and other forms of immune
dysfunction; chronic gastrointestinal inflammation;
obesity; and diabetes. NCI will:

> Conduct epidemiologic studies to identify new associations between cancer and other
diseases and provide a clearer delineation of those already identified, carry out mechanistic
analyses to bring insight into these relationships, and develop innovative intervention
strategies that will interfere with development of the associated cancers. These studies will
be conducted in partnership with other NIH Institutes and the pharmaceutical industry and
will leverage the expertise of investigators, researchers, and clinicians. This collaborative
approach will expedite progress in identifying at-risk populations and developing new
methods for detecting, treating, and preventing cancer and other chronic diseases.

> Utilize the molecular epidemiologic cohorts developed for cancer studies to identify the
causal pathways for other diseases and vice versa.

> Carry out follow-up investigations when credible preliminary evidence suggests that a drug
used for preventing or treating other diseases may also be effective in cancer prevention

or treatment.

Effective interventions against one form of human disease, such as cancer, often synergisti-
cally influence their application against other diseases. Conversely, the prevention and early
detection of other diseases may have clinical application and economic efficacy for cancer

and other conditions.
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